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BAKER BOTTS L.L.P. 
30 ROCKEFELLER PLAZA 
NEW YORK, NEW YORK 10112-4498 



TO ALL WHOM IT MAY CONCERN: 

Be it known that WE, Stefan Schneidewind, Claus Dietrich, J6rg Kiesewette. and 
Hans-M.hael^ 

invented an improvement in 

METHOD AND APPARATUS FOR 
TESTING MOVEMENT-SENSITIVE SUBSTRATES 

of which the following is a 

SPECIFICATION 

rurrnr QT w ™ ™. invention 

[0001] The invention relates to a method for testing substrates having circuits sensitive to 
m echanical movement in which a suhstrate is mounted on a chuck and makes contact with 

contact needles, and the contact needles are M »*^J^*»«^«** 

substrate. 

[0002] The invention also relates to an apparatus for testing having eireni.s sensitive to 
m echan,cal movement substrates having a ehuelc whieh is provided with a suhstrate ho.ding 
surface, having a positioning apparatus which is connected to me chuck, and having contact 
needles. 
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,0003, Movemen.-sensi.ive sen.ieonduc.or c.rcui. component are used in varions fields of 
application, for example in motor vehiele positioning and airbag sy,ems. These movemen.- 
sensinve semieondnc.or eomponen, are used, for example, .0 nreasure acceleration of a Irnear or 
national .ype acting on .he eomponen.. Like other semiconductor components, these 
_n.-aensi.ive semiconductor components have ,0 be tested during .be production process. 

,0004, Appropriate tea. appara.ua, so-called probers, are provided for tearing or checking 
semiconductor eomponen., The sem.eonduc.or components can be tested on these probers in 
various production phases, for example, while stiU in me semiconductor wafer or as separated 
components. The semiconductor components may be in the form of discs with an upper face and 
with a lower face paraUe, to it, and with a heigh, which corresponds ,0 the thickness of the 
semiconductor wafer. 

,0005, For the probers, the semiconductor components represent substrates which are he,d 

comae, need,es make contact with suitable measurement points on the substrate, and these 
contact needles are used ,0 determine the physica, characteristics, in particu.ar the e.ectrical 
characteristics, of the circuits on the substrates. 

,0006, Conventions, probers according to the prior art can he used ,0 test on,y the static 
m echanica, behavior of movemen.-sensi.ive circuit of .he .ype mentioned initially. One 
disadvantage in this case is that the mechanical-dynamic response cannot be tested. 
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[0 007] The invention is thus based on the object of allowing testing of physical 
characteristics relating to the mechanical-dynamic response of the movement-sensitive 
substrates. 

g; j m » p v ntr THF. INVENTION 
,00081 According to the invention, the object is achieved with regard to the method by the 
substrate bcirrg mechanically accelerated during the determination of physical characteristics. 

10 0091 An acceleration allows testing of the substrate and of mechanical-dynamic 
conditions, thus taking into account the subsequent practical use during testing itself. 
(00101 One preferred variant of the method provides for the substrate to be subjected to an 
alteration which is initially positive and is then negative down to the stationary state. This 
makes it possible to move the substrate through a short deflection. 

[0011] One possible way to simulate the movement of the substrate is for the acceleration 
,o represent a linear acceleration. This makes it possible to provide linear acceleration in a 
direction which is parallel to the upper face of the substrate. Another possibility is for the linear 
acceleration to be in a direction perpendicular to the upper face of the substrate. 

,0012] Another possible way to simulate the movement of the substrate is for the 
acceleration to represent a rotary acceleration about a rotation axis which perpendicular to the 
upper face. 
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,„„„, The two simutation options can a,so be superimposed on one another. The chosen 
tested. 

10M41 „ is expedient for the acceptation to be repeated, hr par.icu.ar, it is expedient for 
on the contact-making process. 

,00,5, The method according .0 the invention can a,so be carried on, in snch a way that me 
aeee^io niap.dnc^bvamechanica.biow.fntmscase.anacce.erationisappiied.ome 

^^^^^^^^ ^^^^ 
d „esno.have an idea, form, t ha, is to say ,h, there is a time period between me t.0 flanx,, ,t ts 

alsop „sstb,e,o carry on, the measurement on either one flan.oron.be other flanxofthe sodden 
acceleration or deceleration. 

,„„«, With regard .0 the apparatus, me objective according .0 .he invention is achieved in 

ancHer, and a. .east one movement Cement is arranged between the upper chucx member and 
of which the substrate can be positioned rotative ,0 the contact need.es by means of the 
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positioning device. The acceleration which is required for mechanica./djmamic testing can then 
be introduced into the substrate without any change to the configuration of a prober. 

,00171 In order to initiate a linear acceleration in the vertical direction, it is expedient for 
,he lower face of the upper ehuck member and the upper face of .he lower ehuck member to be a, 
a distance from one arrother forming an intetmediale space, and for at least one movement 
Cement, which can move in a direction at right angles to the upper face of the substrate, to be 
arranged in the intermediate spaee. The upper chuck member then rests on the movement 
element. The upper chuck member is moved relative to the lower chuck member by a movement 
or expansion of the movement element. When one movement element or two movement 
elements is or are used, a guide shou.d preferably be provided between the upper chuck member 
and the lower chuck member. 

,0018] With three movement elements, as there are in one preferred embodiment of the 
invention, there is no need for an additional guide since the movement dements themselves form 
a three-point contact, so that there is no need for stabilizing via a guide. 
,0019] In order to prevent the upper chuck member from jumping during acceleration, the 
invention provides for the upper chuck member and the lower chuck member to be connected to 
one another loaded by spring force and separated by the movement elements. This makes it 
possible to prevent the upper chuck member from lifting off the movement elements. 

[00201 One embodiment relating to this provides for a tensioning pin to be mounted in the 
upper chuck member, with the tensioning pin projecting from the lower face of the upper chuck 
member through an aperture in the lower chuck member as far as the lower face of the lower 
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chuck member. At its end under the lower face of the lower chuck member, this tensioning pin 
has a spring stop, between which and the lower face of the lower chuck member a spring is 
clamped. 

[0021] In order to initiate a linear acceleration in the horizontal direction, provision is 
made for the upper chuck member to be mounted on the lower chuck member such that it can 
move in a direction parallel to the upper face of the substrate. At least one elongated movement 
element is arranged in the intermediate space between the lower face of the upper chuck member 
and the upper face of the lower chuck member and is attached at one end to the lower chuck 
member, and at the other end to the upper chuck member. The movement element then 
introduces the acceleration into the upper chuck element by movement or expansion. 

[0022] In order to initiate a rotational acceleration, provision is made for the upper chuck 
member to be mounted on the lower chuck member such that it can rotate about a rotation axis at 
right angles to the upper face. At least one elongated movement element is arranged in the 
intermediate space between the lower face of the upper chuck member and the upper face of the 
lower chuck member and is attached at one end to the lower chuck member, and is attached to 
the other end to the upper chuck member at a lateral distance from the rotation axis. 

[0023] In this case, it is possible for the rotation axis to be in the form of a virtual rotation 
axis. In this case, provision is made for two or more movement elements to be arranged, whose 
torques about the rotation axis are in equilibrium with respect to one another. The torque 
equilibrium ensures that the upper chuck element rotates about the virtual rotation axis, and is 
not moved linearly. 
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[0024] One particularly preferred embodiment provides for the movement elements to be 
in the form of piezoceramic components, which are electrically conductively connected to drive 
electronics. Piezoceramic components change their geometric dimensions in accordance with an 
applied voltage by means of a change in the crystal lattice. The geometric change is admittedly 
in the region of or less than one millimeter, but can take place very quickly, for which reason 
very high accelerations can be achieved in an expedient manner. 

[0025] On the one hand, relative movements between the substrate and the contact needles 
are possible and this can be achieved, in particular, by means of a special configuration of the 
contact needles. On the other hand, however, relative movements between the substrate and the 
contact needles can be prevented in that the contact needles are at least indirectly mechanically 
connected to the upper chuck member such that they can move. The needles are then likewise 
accelerated together with the upper chuck member, and thus follow the movement of the upper 
chuck member. In consequence, there is therefore no need for the special configuration of the 
contact needles while, on the other hand, greater movement distances are possible without the 
contact needles "scratching" on the substrate. 

[0026] One embodiment in this case provides for the contact needles to be arranged on a 
needle card, and for the needle card to be mechanically connected to the upper chuck member. 
In this case, the needle card takes over the introduction of the movement to the contact needles. 

[0027] Another embodiment relating to this is characterized in that the contact needles are 
provided with needle holders, and in that a needle holder plate, on which the needle holders can 
be connected, is connected to the upper chuck member. In this case, acceleration of the upper 
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chuck member towards the needles is guided by the needle holder plate, and die needle holders 
are guided to the contact needles. 

rptpf DESCRIPTION OF THE DRAWINGS 
[0028] The invention will be explained in more detail in the following text with reference 
to an exemplary embodiment. In the associated drawings: 
[0029] Figure 1 shows a side view of a chuck for vertical acceleration, 
[0030] Figure 2 shows a side view of a chuck for vertical acceleration with spring 
prestressing, 

[0031] Figure 3 shows a side view of a chuck for rotational acceleration. 

[0032] Figure 4 shows a section illustration along the line IV - IV in Figure 3. 

DESCRIPTI ON OF THE INVENTION 

[0033] An apparatus according to the invention for testing movement-sensitive substrates 
is provided with a chuck 1 , as is illustrated in Figure 1 . This chuck 1 is provided with a substrate 
holding surface 2. A semiconductor wafer 3 can be placed on this substrate holding surface. 
This semiconductor wafer 3 is held by a vacuum between the lower face of the semiconductor 
wafer 3 and the substrate holding surface 2. This vacuum is introduced via vacuum guide 
channels 4. 

[0034] The chuck 1 is connected to a positioning apparatus 5, which can position the chuck 
1 in an X-Y plane parallel to the substrate holding surface 2, in a Z direction at right angles to the 
substrate holding surface 2, and about a rotation angle. The semiconductor wafer 3 contains 
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movement-sensitive substrates in the form of acceleration-measuring components, so-called 
accelerometers. For testing, these substrates make contact with contact needles 6, and the 
physical characteristics of the substrates are determined via these contact needles 6. These 
contact needles are held by probe holders 7, which are themselves supported and are mounted on 
a probe holder plate or needle card 8. In an optional arrangement the plate or needle card can be 
connected to the chuck by support members 30. The chuck 1 is formed from two members and 
comprises a lower chuck member 9 and an upper chuck member 10. In this case, the lower 
chuck member 9 is connected to the positioning apparatus 5. The upper chuck member 10 is 
provided with the substrate holding surface 2. The two chuck members 9 and 10 can move 
relative to one another. Movement elements 13 in the form of piezoceramic components are 
arranged between the lower face 1 1 of the upper chuck member 10 and the upper face 12 of the 
lower chuck member 9. The movement elements 13 produce a gap between the lower face 1 1 
and the upper face 12, thus forming an intermediate space. The three movement elements form a 
three-point contact for the upper chuck member 10 on the lower chuck member 9. 



secure 



[0035] The piezoceramic components which are in the form of movement elements 13 are 
electrically conductively connected in a manner which is not illustrated in any more detail to 
drive electronics. These drive electronics can apply a voltage to the piezoceramic components. 
Depending on the magnitude of the voltage, the piezoceramic components expand via their 
crystal lattice structure and, while this expansion is being formed, ensure that an acceleration is 
introduced into the upper chuck member 10 and, via it, into the substrate 14 as well. 

[0036] In general, a piezoceramic component expands to an extent which is proportional to 
the applied voltage. The acceleration of the substrate 14 that is of interest for producing 
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movement may be calculated, as described in the following text. For sinusoidal excitation, 
known theory can be used to calculate the deflection s, the velocity v and the acceleration a as a 
function of the time t and of the frequency f as follows: 

s{t) ~ S 9 ' Sift <2tf£ • t) 
vtt) - s Q 4 2svf - cos <2*f • t) 
effi) «= -So ' A* 2 ? 2 ' sln(2^Jf • t) 

[0037] As can be seen from this, the acceleration increases with the square of the frequency 
for a constant deflection amplitude. For this reason, high accelerations can in fact be achieved 
with small deflection amplitudes. On the other hand, only low accelerations can actually be 
achieved at low frequencies. 

[0038] At 1 kHz, a deflection amplitude of 0.36 urn is required in order to achieve a root 
mean square (RMS-) acceleration of 1 g (1 g - 9.82 m/s 2 ). In consequence, 1 .8 urn is required 
for an effective 5 g acceleration. At 500 Hz, 7 urn is required for this purpose. A root mean 
square acceleration of 1 g at 1 0 Hz would require a deflection of 3.6 mm, which is not feasible 
with stationary contact needles and would lead to the needles being broken. For this reason, 
higher frequencies are preferred when using piezoceramic components. 

[0039] The acceleration which can be achieved using piezoceramic components can be 
calculated from the frequency f, from the applied AC voltage with a peak voltage U AC - P ea k 
(without any superimposed DC voltage) and from the maximum deflection s max which is 
achieved for a maximum of a voltage U DC . max that is permissible for the piezoceramic 



NY02:463872.1 



A36066- 066340.0179 



component. The result is converted from SI units to g by division by 9.82 m/gs 2 , and is 
converted to a root mean square value (RMS), which is of relevance here, by dividing by 4l : 



5 0 *B*» 



9.82— T~* 17 DC-nwx 



[0040] The acceleration which is required for testing the substrate 14 can thus be set 
exactly via the voltage which is applied to the piezoceramic component. 
[0041] Particularly in the case of high accelerations, it is possible with a chuck 1 as shown 
in Figure 1 for the upper chuck member to be briefly detached from the movement elements 13 
or from the lower chuck member 9, and thus to jump. A chuck 1 as illustrated in Figure 2 is 
provided in order to prevent such jumping. Chuck 1 is used in the same way as illustrated in 
Figure 1. In the case of the Chuck l' illustrated in Figure 2, tensioning pins 15 aremountedin 
the upper chuck member 10. These tensioning pins 15 project through an aperture 16 in the 
lowerchuckmember9. Spring stops 17a are provided at the lower ends of the tensioning pins 
15, which project as far as below the lower face 17 of the lower member 9, and springs 18 are 
clamped between the spring stops 17a and the lower face 17 of the lower chuck member 9. As is 
illustrated in Figure 2, the springs 18 are in the form of plate springs. 

10042] The tensioning pin 15 now spring-loads the upper chuck member 10, drawing it in 
the direction of the lower chuck member 9. In the process, the distance which is produced via 
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the movement elements 13 between the upper ehuek member and the lower chuck member 9 is 
maintained, and the movement elements 1 3 are clamped between the two members. This means 
that the npper ehnek member 10 does not jump when high accelerations are introduced into it by 
means of the movement elements 13. 

(0043] Figure 3 and Figure 4 illustrated a chuck 1 which can be used installed in the same 
way as illustrated in Figure 1. The Chuck l" as shown in Figure 3 and Figure 4 is used to 
produce a rotational movement or a rotary acceleration, which acts on the semiconductor wafer 
3, and thus on the substrate 14. For this purpose, the upper chuck member 10 is mounted on the 
lower chuck member 9 via balls 19 such that it can rotate about a virtual rotation axis 20. In this 
case, the Stance between the upper chuck member 9 and the lower chuck member 10 is set via 
the balls 19. Four elongated movement elements 13, arranged in the intermediate space that is 
formed in this way, are arranged along the lower face 1 1 of the upper chuck member 10 and 
along the upper face 12 of the lower chuck member 9, and are all at the same lateral distance 
from the rotation axis 20. Each movement element 13 is attached at a first end 21 to the lower 
chuck member 9 and at a second end 22 to the upper chuck member 10. Since the distance 
between the movement elements 13 and the virtual rotation axis 20 is the same, there is a torque 
equilibrium on the rotation axis 20, so that although the upper chuck member is rotated with 
respect to the lower chuck member when the movement elements 13 are energized, it is not, 
however, moved linearly. In this case, the movement elements 13 (which are in this case 
likewise in the form of piezoceramic components) are in each case excited via the same 
excitation voltage at the same excitation frequency. 
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[00441 Linear acceleration in the X-Y plane can be provided in a simple manner with this 
arrangement by driving each of the mntnally opposite movement elemenrs 13 in opposite 
directions, that is to say, when one movement element 13 expands, the opposite movement 
element 13 contracts by the same amonnt, thns resnlting in a linear movement in the longitndinal 
extent of these movement elements 13. 

[0045] Snperimpositions of linear and rotational movements are thns also possible. 

[00461 The movements ofthe substrate 14 relative to the contact needles 6 are 
compensated for by the contact need.es 6 being designed to be elastic. This elasticity may, for 
example, be achieved by means of very long and thin contact needles 6. 
,0047] Fnrther movement compensation can be achieved by a modification ofthe contact- 
pressure force ofthe contact needles 6 on the substrate 14. In mis case, it is possrble either to set 
the contact force such that the contact needle 6 slides on the contact surface, or to sc. 1, such that 
sliding is just avoided, and all the movement is absorbed via the contact needles 6. The 
corresponding setting depends on the application and on the nature ofthe substrates. 

[00481 While there have been described what are believed to be the preferred embodiments 
ofthe invention, those skilled in the art will recognize that other and further changes and 
modifications may be made thereto without departing from the spirit ofthe invention, and it is 
intended to claim all such changes and modifications as fall within the true scope ofthe 
invention. 
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